N85-32 428 

MOD SILVER METALLIZATION FOR PHOTOVOLTAICS 

PURDUE UNIVERSITY 
G.M. Vest and R.W. Vest 

Approach 

1. Identify ond characterize suitable metal lo-organlc (MO) 
coinpoands. 

2. Develop generic synthesis procedures for the MO compounds. 

3. Develop generic fobrlcotlon procedures for screen printing 
Inks. 

n. Optimize processing parameters for top surface cell 
metallization. 

5. Model the Interrelationships between ink chemistry ond 
processing^ and film properties and cell performance. 


Ag Neoidecanoate Synthesis and Characterization 


Reoctlon: 


* HO * 

R2 - C - COOH + NHjjOH . L— > Rj - C - COONHj, ♦ H 2 O 

I Z? L I 




H,0 

R 2 - C - COONHj, + AgN 03 -^ 0 — > Rj - C - COOAg ♦ NHj,0H 




25°C 


Rl R 2 ^ Rj “ ^3^19 


w/o Silver: 38.7 
Form: white solid 

Solubility: oromatlc solvents 
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PROCESS DEVELOPMENT 


□RiQflv;". ■■ 

OF PO;;h QUAUT3d 


Thermogram of Ag Neodecanoate in Benzene 
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Platinum (II) 2-ethylhexanoate 
Synthesis and Characterization 

Reacf'lon: 

H20 

C 7 H 15 COOH ♦ (C 2 H 5 > 3 N C 7 Hj 5 C 00 ‘(C 2 H 5 ) 3 NH^ 


!x 2 PtClq + 2C7H^5C00'(C2H5)3NH*-^ Pt(C7Hj5C00)2 ♦ 2KC1 ♦ 2(C2H5)3NHC1 


w/0 PlOtllium: m 

Form; blork oil 

Solubility; ororaotlc solvents 
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PROCESS DEVELOPMENT 




Thermogram of Pt 2-ethylhexanoate in Benzene 



PROCESS DEVELOPMENT 


Thermogram of Ag Neodecanoate Plus 
2-ethylhexanoate in Benzene 


JJRiGlMAL PAQ£ is 
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Screen-Printing Ink Fabrication 















PROCESS DEVELOPMENT 

Critical Steps in Ink Fabrication 



Metollo-organlc ccnpounds 

1. Selection 

2. Purity 

Low Bolling solvent 

1. Selection 

2. Purity 

Hlch Bolling Solvent(s) 

1. Selection 

2. Purity 

3. Amount 

Roto vac 

1. Time 

2. Temperature 

3. Pressure 


Low Boiling Solvents Evaluated 



B.P.('^C) 

Corrments 

1 

xylene 

137 

incomplete solvent exchange 
dork films 

1 > 

toluene 

111 

Inconplete solvent exchange 

t 

I 

1 


dork films 

1 

} 

benzene 

80 

neor complete solvent exchang; 
silver films 

Tr 

1 

j tetrohydrofuran 

1 

66 

near complete solvent exchonge 
silver films 



i 


I 

I 



n 



PROCESS DEVELOPMENT 


High-Boiling Solvents Evaluated 


cC- terplneol 

B.P.(°C) 

217-218 

butyl carbltol ocetate 

236-2^49 

Phenyl ether 

259 

dodecane 

215-217 

neodecanolc acid 

250-257 

trlglyme 

216 

decolln 

'do- 195 


Ink SPC1-YZ 

1. Dissolve X grams of Ag neodecanoote In benzene to give 
approximately 11 w/o Ag In solution. 

2. Add Pt 2-ethyl hexanoote In benzene to give fired com- 
position 96 H/o Ag - A w/o Pt. 

5. Add 0.13x grams of butyl carbitni acetate and 0.26x groms 
of neodecanolc acid. 

Mix In the rotovac for 15 minutes at room temperature 
and pressure. 

5. Solvent exchonge In the rotovoc for 1 hour at 40°C under 
water pump vacuum. 

6. The smooth, block ink screen prints well and produces 
24.5 w/o Ag + Pt when fired to 285®C or higher. 
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OF POOR QUALITY 

Thermogram of Ag-Pt Ink SPC1-1 A 
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'i'empc rsture (°C) 


PROCESS DEVELOPMENT 


Standard Firing Sequence No. 1 Profile 



Film Characteristics Evaluated 

1. Appearance 

2. Sheet Resistance (Density) 

3. Line Definition 

4. Adehslon 


396 



PROCESS DEVELOPMENT 


I 




Rating System for Reporting Line Definition 
of Fired Films Using the JPL Pattern 




A. Excellent 


B. Accept ablo 


C. Unacceptable 


ORIGINAL PAGE IS 
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OF POOR QUALITY 

j Firing Study Results for Ink SPC1-YZ 


1 

i 




Firing Sequence 





Sheet 







Type of 


Surface 

Line 

Resist. 



Test# 

Ink# 

Te«p < C) Tl«e (min) 

Furnace 

Substrate* 

Appearance 

Defln. 

(sO/sq) 

Adhesion 


1 

SPCl-lA 

65 

30 

1 


whitish silver 

B 

56 

axcellent 



Ag«-3.S hr 

200 

30 


i- i 




(poor on 



R.H.-42X 

325 

20 






connecting 

bar) 


2 

SPCl-lC 

63 

30 

1 


whitish silver 

B(A for 

40 

poor 



Age>19 days 

200 

30 


(batch 


narrow 


to 



R.H.-S4X 

325 

30 


172-2) 


lines) 


fair 


3 

SPCl-lA 

65 

30 

1 


whitish silver 

A 

45 

cero 

i 


Age- 3. 5 hr 

200 

30 


(batch 







R.H.-42X 

325 

20 


172-2) 






4 

SPCl-lA^*^^ 

65 

30 

1 

AljO 

whitish silver 

B 

26 

poor 



Age-3. 5 hr 

200 

30 









R.H.-42X 

325 

20 







< 

5 

SPCl-lB 

65 


I 


whitish silver 

A 

62 

sero 



Age- 16 day 

200 

30 









R.H.-52X 

325 

30 








6 

SPCl-lD 

65 

30 

1 

AI 2 O 

whitish silver 

B 

80 

good on 

^ • 


Agc-2S day 

200 

30 






narrow 



R.H.-S4X 

325 

30 






lines » 
poor on 
connacting 
bar 

>- 

7 

SPCl-lD 

Std. 

Firing Sequence 

4 

AKO 

whitish silver 

B(A for 

72 

excellent 



Age-25 day 






connecting 





R.H.-54Z 





bar) 




6 

SPCl-lE 

Std. 

Firing Sequence 

4 

cells^^^ 

whitish silver 

A 

58 

good to 

• 


Age-27 day 




(batch 




excellent on 



R.H. -unknown 

#l 



341-177) 




narrow lines, 
feir to poor 
on wide con- 
necting ber 

9 

SPC1-2A 

65 

30 

1 

cells^^^ 

whitish silver 

B 

87 

poor (sero) 


Age-2 hr 

200 

30 


(batch 






R.H.-50X 

325 

30 


341-177) 





10 

SPC1-2A 

Std. Firing Sequence 

4 


whitieh silver 

B 

54 

excellent 


Age-2 hr 




(batch 






R.H.-50X 

#1 



341-177) 





11 

SPC1-2A 

2nd leyer printed and the 

4 

cells^^^ 

whitish allvar 

B 

23 

poor 


Age-2 hr 

firing sequence of Teat 


(batch 




to 


R.H.-50X 

10 repeated 


341-177) 




feir 


.* 


n 


el 

c 


r 
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PROCESS DEVELOPMENT 


Test# 

Ink# 

Firlna Sequence 

Type of 

Teap ( C) Tine (aln) Furnace 

Substrate* 

Surface 

Appearance 

Line 

Dcfln. 

Sheet 

Resist. 

(■n/sq) 

Adhesion 

12«> 

SPC1-2B 
Age-a day 
R.H.-48Z 

Std. firing sequence #l 

(batch 

341-177) 

whitish silver 

C 

47 

excellent 

i3 

SPC1-2B 

Age-Sday 

R.H.«48X 

Std. Firing Sequence 11 

cells^^^ 

(batch 

341-177) 

whitish silver 

B 

56 

excellent 

14 

SPCJ-2A 
Age-8 day 
R.H.-48X 

Second layer printed and 
the firing sequence of test 
#2 was repeated 

cells^^^ 

(batch 

341-177) 

whitish sUver 

B 

24 

excellent 

15 

SPCI-2B 
Age-8 day 
R.H.-48X 

Sane as test #3 except batch 
drying step (30 nine at 6S^C) 
is skipped after 2nd layer is 
printed 

cells^*^ 

(batch 

341-177) 

whitish silver 

B 

24 

excellent 

16 

SPC1-2C 
Age- IS day 
R.H.-54X 

Std. Firing Sequence #1 

(batch 

341-177) 

whitish silver 

B 

51 

excellent 

17 

SPC1-2C 
Age- 15 day 
R.H.-54X 

Std. Firing Sequence 11 

cells 

(batch 

341-177) 

whitish silver 

B 

53 

excellent 

U 

SPC1-2C 
Age- 15 day 
R.H.*S4X 

Second layer ;>rinted and 
the firing sequence of test 
#6 was repeated 

(batch 

341-177) 

whitish silver 

B 

26 

excellent 

19 

SPCI-2C 
Age- IS day 
R.H.-54X 

Third layer printed and fired. 
Unfortunately, firing was in- 
sufficient due to aechanical 
failure). 

cells^^^ 

(batch 

341-177) 

whitish silver 

C<«) 

16 

fair 

to 

poor 

20 

SPC1-2E 
Age- 28 day a 
R.H.-54X 

2 layers printed with only a 
drying step between layers of . 
30 nine at 70^C. Once 2nd layer 
was printed the Std. Firing 
Sequence #1 was used. 

cells^^^ 

(batch 

341-177) 

whitish silver 

B 

29 

excellent 

21 

SPC1-2B 
Age«28 daya 
R.H.-54Z 

Std. Firing Sequence 11 

cells^^^ 

(batch 

341-177) 

whitish silver 

B 

76 

excellent 

22 

SPC1-2D 
Age- 28 day 
R.K.-54X 

Std. Firing Sequence 11 

cella^^^ 

(batch 

346-193) 

whitish silver 

B 

72 

excellent 

(initially) 

23 

SPC1-2F 
Age-53 day 
R.H.-60X 

Std. Firing Sequence #1 

(batch 

346-193) 

whitish silver 

B 

77. 6 

excellent 



i 
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Test# 

Ink# 

Fir ins Seeuence 

Type of 

Tenp ( C) Tine (aln) Furnace 

Substrate* 

Surfaca 

Appaaranca 

Line 

Dafln. 

Sheet 

Resist. 

(eO/eq) 

Adhesion 

24 

SFC1-2F 
Age-53 day 
R.n.» 60 S 

Std. Firing Sequence #1 

(batch 

346-193) 

whitlah ailvar 

8 

61.4 

excellsnc 

25 

SPC1-2F 
Age-53 day 
R.H.«>602 

8td. Firl:ig Sequence #1 

(batch 

346-193) 

whitiah silver 

.<“> 

60.3 

excellent 

26 

SFC1-3A 
Age-6 hr 
R.H.-58Z 

Std. Firing Sequence ll 

calls^^^ 

(batch 

346-193) 

whitish silver 

A/E<» 

62.0 

excellent oi 
narrow llne^ 
poor on con* 
nectlng bar 

27 

SPC1-3A 
Age-6 hr 
R.H.-58Z 

Std. Firing Sequence 11 

(batch 

346-193) 

whitieh silver 

A 

57.7 

excellent 

28 

SPC1-3A 
Age-8 hr 
R.H.-58t 

Second layer printed and 
Std. Firing Sequence #1 
repeated 

ccllft^*^ 

(batch 

346-193) 

whitish silver 

A/B 

22.8 

poor 

29 

SPC1-3A 
Age-8 hr 
R.H.-38Z 

Second layer printed and 
Std. Firing Sequence #1 
repeated 

cells 

(batch 

346-193) 

%fhitish silver 

A/8 

23.5 

poor 

30 

SPCI-3A 
Age-10 hr 
n.B.-58Z 

Third layer printed and Std. 
Firing Sequence #1 repeated 

celle^*^ 

(batch 

346-193) 

whitieh silver 

1 

20.0 

poor 

31 

SPC1-3A 
Age-10 hr 
R.H.-58Z 

Third layer printed and Std. 
Firing Sequence #1 repeated 

(bac:ch 

346-193) 

whitish silver 

A/B 

14.9 

poor 


•Al20^ - AlSiltag 838 substratM 

-:alla • aolar cells supplied by JPL. 



(•) 

(b) 

(c) 

(d) 

(t) 


(O 

(f) 

(h) 

( 1 ) 

0 ) 

(k) 

( l ) 


cells cleaned in hydrofluoric acid prior to printing by HF cleaning procedure. 

2 layers printed. Sequence ■ princ-dry«flrn-priot>dry~fire. 

the length of tine at 63^C was varied fron 30 ninutes to 120 ninutes In locrewmts of 30 Binutes 
but no effect on fired filn properties was observed. 

ceils or ether substrates printed as*receivcd. No pre^drying step of at least 30 sins, at 65 C was per fora* 
Standard Firing Sequence #1 as detailed In section 3.2 is as follows: 

Tenp. Tine 


65 

F.T.-263 

263-292 

292 

292-245 
245-62 
62-*. T. 


6. 7® /win 

4.6^/nin 

11.3 Bin 

7^/b1o 

la.r/Bip 

l.l%in 


VilWWU 


belt fire 


two layers printed with no heat treatBent between printings. 

poor line definition was due to mechanical problems with screen printer which have subsequently been correct 

see Table 4.4 for detniled results of Test NO. 22. 

cells not cleaned prior to printing. 

cells cleaned by BSthanol cleaning procedure. 

lines sharper but nore thready than above two. 

A/I rating Beans sobs cells showed A rating and others I rating. 



I 

i 

I 
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Adhesion vs Time Study With Single-Layer 
Fired Films of Ink SPC1 


TIm alnce 
printing ft 
firing (4eye) 

Kelativn hunidity 
«t tlM of test 
(X) 

Adhesion 
(eetinated X 
of total eur- 

fece area) 

CoMMnto 

0 

S4 

100,100 


1 

52 

100 


2 

53.5 

100 


4 

59.5 

66,60 

For two aanplea adhesion loss 
occurred on connecting bar 
only. 

10 

60.5 

56,65 

Nearly conplete loss of ad- 
hesion on connecting bar. 
Adhesion beginning to degrade 
slightly on narrow lines. 

10 

60.5 

2 

Test done on one of the saaples 
froB day sere which had shown 
lOOZ adhesion after first test. 

IS 

57.5 

30,65 

Adhesion losses occurring both 
on connecting bar and narrow llcss. 

21 

55 

30,40 

CoBplete adhesion loss on connect- 
ing bar and aignif leant loss on 
narrow lines. 

26 

53.5 

35,45 

SsM as for day 21 except less 
loss on narrow lines. 

42 

55.5 

10,30 

Considerable adhesion losses. 
Only snail sectiona of sons 
narrow lines are adhering. 
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PROCESS DEVELOPMENT 


Summary 

1. Bright Ag or Ag/Pt films with near theoretical density con be 

formed on SI below 300°C orovlded; 

0 . the oroper mo compounds ore selected (Ag neodeconoote and 
Pt 2-ethylhexonoote work); 

b. the proper low boiling solvent Is used In the formulotlon 
(benzene or tetrohydrofuron work); 

c. the proper high boiling solvent Is used In the Ink (o 
mixture of butyl corbltol acetate and neodeconolc odd 
works); 

d. the mo compounds ore sultooly purified; 

e. Q low temperature drying step is used (30 minutes ot 
65°C works; and 

f. a proper firing profile is used (o 70 minute cycle with 
11 minutes ot 292°C works). 

2. Excellent odheslon con be achieved with the proper Ink chemistry 
and processing conditions, but the adhesion begins to degrade 

of ter severol days. 

3. A binding ogent will be required to achieve reproducible, long 
term adhesion. 
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